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ABSTRACT 
Over 2 billion of the world’s population depend on biomass for cooking fuel due to 
financial and geographical reasons. Cooking with biomass leads to several problems such as 
indoor air pollution, respiratory diseases, greenhouse gas and particulate emissions, and a 
burden of gathering fuel – usually for women and girls. This problem is especially common in sub-
Saharan Africa and Southeast Asia. For decades, several national and international efforts have 
been made to improve the efficiency of cooking with biomass in order to reduce these problems. 
However, the interventions are fraught with challenges and do not always have the desired 
effects. Currently, the majority of clean cooking interventions focus on improving biomass 
cookstove efficiency, but there is a need for a more robust methodology. Cooking practices play 
a large role in fuel consumption and should be taken into consideration. This research project 
seeks to examine the effect of one of such user interventions – the use of pot lids. Understanding 
the effect that pot lids have on cooking efficiency and fuel consumption will enable a better 






CHAPTER 1.    INTRODUCTION 
More than three billion people live in the rural areas of the developing world (United 
Nations, 2018). Many of these households use biomass fuel for cooking, heating water, and 
heating. According to the International Energy Agency’s (IEA) 2018 World Energy Outlook (WEO), 
2.7 billion people in the world have no access to clean cooking fuels, and almost 2.4 billion of 
those rely on biomass for cooking fuel (IEA, 2018), mostly in sub-Saharan Africa and South Asia. 
Cooking with biomass has many associated challenges such as indoor air pollution, generation of 
greenhouse gases (GHGs), and the burden of gathering cooking fuel. It is estimated that there 
are 2.6 million excess deaths caused by indoor pollution from biomass combustion annually (IEA, 
2018). In addition, it has been estimated that the combustion of solid fuels for cooking produces 
about 2% of global greenhouse gas emissions (Clean Cooking Alliance, 2018). Considering the 
projected global population growth, it is expected that the number of people that rely on biomass 
for cooking will still be 2.2 billion by 2030 (IEA, 2018). Because of this, there have been continuing 
national and international efforts to facilitate cleaner, more efficient biomass cooking through a 
variety of interventions.  
The most obvious of these interventions has been an ongoing effort to develop clean and 
efficient biomass cookstoves. However, designing and delivering clean, efficient biomass 
cookstoves has been very challenging. For more than forty years researchers, non-governmental 
organizations, and others have worked to develop low cost clean cookstoves with some success. 
While these continuing efforts have defined targets (e.g., tier 4 cookstoves), basic design 




modeling schemata, or universal cookstove design. In contrast to liquid fuel, gas, and electric 
cookstoves, biomass cookstove performance is strongly affected by factors not directly within 
the control of the designer. Biomass fuel type and sizing vary widely, and stove performance is 
strongly dependent on how the user fuels the stove. In addition, cooking practice; foods cooked; 
and pot size, material, and shape vary widely and impact the performance of the stove. Because 
of this, nearly all cookstove design efforts focus on improving the performance of the stove based 
on the laboratory-based water boiling test in which the overall heat transfer of the cooking 
system (e.g., biomass cookstove) is determined using standard pot sizes and water heating 
regimes. The assumption is that stove designs that perform well on the water boiling test in the 
lab will perform well in use in consumer kitchens. However, a number of researchers have 
reported that in-laboratory performance is not correlated with overall stove performance in the 
consumer’s kitchen (Taylor, 2009; Johnson and Bryden, 2012b; Hanna et al., 2016). In addition, 
Johnson and Bryden (2012a) investigated the factors affecting energy consumption in cooking 
activities in a Malian village and found that cookstove type was not a critical factor in determining 
fuel usage. They found, instead, that cooking practice was a more important determinant than 
the cookstoves used. In addition to the obvious differences between laboratory testing and 
kitchen-based cooking practice (e.g., family size; foods cooked; fire tending; and fuel type, 
moisture content, and size), household use varies from laboratory practice in part because of 
stove stacking and rebound.  
 Stove stacking occurs when an improved stove augments three-stone or other cookstoves 




and Bryden, 2012b; Masera et al., 2000). As a consequence, combined stove operation 
may increase fuel usage rather than reducing fuel usage as intended.  
 The rebound effect accounts for the case in which consumers obtain a new more energy 
efficient device with lower operating costs. As a result of the lower costs usage is not as 
carefully monitored and the device is used more. In this way the reductions in energy use 
in the field is less than what would be expected if simply the efficiency of the device (in 
this case a biomass cookstove) were used to determine the expected fuel usage 
reduction. Increased energy efficiency results in more use (or perhaps less careful use) of 
the cookstove (Beltramo et al., 2019).  
It is worth noting that more costly biomass cookstoves with sealed fire boxes, forced air, and 
chimneys could significantly reduce the local health impacts of cooking and heating water and 
possibly reduce fuel usage. But these are generally regarded to be too costly to be considered as 
a household energy intervention in the developing world.   
As noted earlier, cooking practice may be a more important determinant of fuel usage 
and exposure to smoke than cookstoves design. This implies that the research should be focused 
both on improving cookstove efficiency and on understanding the impact of various cooking 
practices and choices. Examples of household energy interventions unrelated to the issue of 
improved cookstove design have been proposed, and in some cases implemented; these include  
1. improving ventilation in the kitchen with windows, chimneys, or holes in the ceiling; 
2. moving the kitchen outdoors; 
3. using solar hot water heating for washing water (heating wash water for clothes, dishes, 




to cooking this water need only be warm/hot) (Johnson and Bryden 2012b; MacCarty, 
2015); 
4. using burning embers as a fire igniter which can reduce fuel usage by more than 10% 
(Johnson and Bryden, 2012a); and 
5. using of pot lids which is widely held to improve cooking efficiency and reduce fuel usage.  
Although there is an abundance of literature on biomass cookstove modeling, improved biomass 
cookstove design, and the impact of biomass cookstoves on the health and the environment, 
there is very little literature on the specific interventions related to cooking practice or their 
implementation and potential impact.  
This thesis examines the impact of a specific intervention based on cooking practicethe 
use of pot lids. It is interesting that although the issue of pot lids is commonly held to have a 
significant impact on fuel usage, it has been examined be only a few researchers (whose 
conclusions conflict) and only for well controlled cookstoves employing gas or electricity as the 
fuel and not for the biomass stoves used by much of the world. This thesis examines this research, 
conducts independent experiments, resolves the apparent conflicts in the literature, and 
develops guidelines for the use of pot lids including when they can be expected to reduce fuel 





CHAPTER 2.     BACKGROUND 
As noted in Chapter 1, this thesis is focused on the question of whether pot lid usage with 
biomass cookstoves is a viable household energy intervention that reduces biomass fuel usage 
and improves the health of the users. In this study we will refer to all uses of a biomass cookstove 
as “cooking tasks” including heating water for cleaning and other related tasks, except in those 
cases where greater clarity is needed to prevent confusion. The specific questions that need to 
be asked and answered are: 
 What are the common household cooking tasks? Which of these tasks are candidates for 
this pot-lid-on-off study? 
 Can pot lid usage reduce fuel usage for the common household cooking tasks chosen for 
this study, and if so which ones? 
 How much can fuel usage be reduced by the use of pot lids when cooking with biomass 
stoves?  
In this chapter we will examine each of questions in order to develop the parameters of this 
study. 
2.1 Household Cooking Tasks 
Johnson and Bryden conducted a one-year study of energy use in a rural village in Mali 
within the Sahel of sub-Saharan Africa. As a part of this study they examined overall energy use 
within the village and noted the various energy sources and applications (Johnson and Bryden, 
2012a). They found that domestic energy use consisted of wood consumption for cooking meals 




peanuts, steeping tea, preparing medicine, and processing shea (6.5%). Focusing specifically on 
cookstove usage they found that nearly all food preparation/meal cooking involved heating 
water with a grain (corn, millet, or rice) that has been pounded to reduce its size to boiling and  
briefly cooking the mixture (simmering); water heating involved bringing the water to a 
temperature that is hot to the touch in large uncovered 15 – 30 L pots and then diluting with cold 
water to obtain the desired wash temperature (Johnson and Bryden, 2012b).  
From this it is clear that heating water for cooking or cleaning (including extended 
simmering/boiling) is a major energy use and that pot lid usage has the potential to reduce fuel 
usage for these tasks. Other household cooking tasks such as frying or baking are not good 
candidates for considering the use of pot lids as a potential energy reduction strategy and are 
not considered here. Baking is not generally done in a pot on an open flame, and frying is a short-
term activity focused on the temperature of the cooking surface and conduction of the heat into 
the food as the primary heating mechanism. In contrast, the goal in heating water is to 
convectively heat the entire mass of water uniformly, and pot lids have the potential to reduce 
heat loss from the surface of the water being heated. Examining this, we can see that we can 
divide cooking into heating water, heating water with a brief simmer or boil, and heating water 
followed by an extended simmering or boiling period. We can break these into three common 
cooking tasks or parts.   
 heating water—this includes the specific task of heating water for cleaning as well as 
heating water to a boil or simmer, 
 simmering or steeping with limited energy input—in this case the water only need be kept 




bring the water to a boil and then stop the cooking process or maintain low heat to ensure 
the water/food stays hot (e.g., as with boiling water for tea), and 
 simmering/boiling for an extended period—the food is boiled/simmered for an extended 
time as in the case of whole beans or corn. 
Thus, cooking beans or corn is composed of two cooking tasks–heating water and 
simmering/boiling. In contrast, heating water for cleaning has only one task–heating water.  
 
2.2 Cooking Efficiency  
In energy systems, efficiency measures the fraction of input energy converted to its 
intended use. For example, in a PV solar power system the energy of the sun is converted to 





where E is the electrical output of the solar system, A is the area of a solar panel, and I is the 
insolation or energy from the sun reaching the panel (Vanek et al., 2008). 
Most energy system services/devices are composed of several energy 
conversion/transfer operations for which efficiency can be defined and in which energy is lost. 
The design of an improved furnace, automobile, cooking stove, power plant, and many other 
energy devices starts by examining the efficiency of each of these energy conversion transfer 
operations. Therefore, the calculation of efficiency is critical in energy system design. System 
efficiency quantifies how well energy input is converted into useful energy in the entire system, 




practice to report the overall efficiency of a system rather than the efficiency of its components. 
This overall efficiency of a system can be considered to be the product of the efficiencies of the 
energy source and the appliance it powers (Morawicki and Hager, 2013). Thus, the efficiencies of 
similar energy systems can vary greatly due to differences in energy sources and appliances.  
Fundamentally, cooking efficiency is the measure of the energy output as a percentage of 
the energy input in a cooking process. The energy input is heat generated by an electric, 
induction, gas or biomass cooker. The energy output is much less due to several losses in the 
cooking process. Brundrett and Poutlney (1979) identified three main sources of energy loss in a 
boiling process: 
i. convection losses between the cooktop and cookpot bottom,  
ii. convection and radiation losses between the cookpot walls and the surrounding air, 
and 
iii. evaporation losses between the water surface and the surrounding air. 
Because the evaporation losses are easy to quantify accurately (Brundrett and Poutlney, 1979), 
efficiency tests tend to focus on that, most notably by weighing in the Water Boiling Test. In 
general, cooking efficiency is commonly determined by testing the entire cooking system and not 
its components.  
The efficiency of cooking systems is particularly difficult to calculate due to varying 
cooking methods, cooking vessels, cookstoves and calculation methods across the world 
(Morawicki and Hager, 2013). In a study in a Malian village, Johnson and Bryden (2012a) 
identified several factors that could affect biomass fuel consumption and cookstove use. These 




vessel, fuel properties and ignition method. The cookstove applications identified were cooking 
meals, heating water, making medicine, roasting peanuts, boiling shea kernels and rendering 
shea oil, and the fire igniters identified were butane lighters and glowing embers (Johnson and 
Bryden, 2012a). The study found that the use of burning embers to start fires reduced energy 
consumption (Johnson and Bryden, 2012a).  
Cooking efficiency is most commonly measured by cookstove efficiency. In the simplest 
terms, the energy produced by a stove is measured against the energy received by the 
water/food in the cooking process. The major cookstove performance testing protocols measure 
fuel economy, emissions, thermal efficiency, and high and low power (Taylor, 2009).  
The most common method of cookstove performance testing is the Water Boiling Test 
(WBT), Version 4.2.3. which measures thermal efficiency, boiling time, turn-down rate, fuel 
burning rate, specific fuel consumption, and firepower (Taylor, 2009). The WBT is a laboratory 
test conducted in three consecutive phases: a ‘cold-start high-power phase’, a ‘hot-start high-
power phase’, and a ‘simmer phase’, all of which are carried out three times (Bailis et al., 2014). 
In the first two phases, measured quantities of fuel are used to boil measured quantities of water 
in a pot of a specified size, and in the third phase, the quantity of fuel needed to simmer a 
specified amount of water for 45 minutes is measured. The pots are weighed before and after 
tests to determine mass loss. These and other specified measurements are recorded in a 
provided spreadsheet that automatically calculates the required metrics. All tests are carried out 
with identical fuel and without a pot lid. This testing protocol is simple, but does not represent 
real-life cooking conditions (Bailis et al., 2014). It has been criticized for having no correlation 




fuel supply, and faulty energy accounting (Taylor, 2009). More importantly, the water boiling test 
measures the efficiency of heat transfer to the cooking water rather than the amount of 
energy/fuel needed to conduct a specific cooking task.  
Developed alongside the WBT are two field tests: the Controlled Cooking Test (CCT), 
which links laboratory and field cooking, and the Kitchen Performance Test (KPT), which observes 
real cooking processes (Defoort et al., 2009). The CCT measures stove performance when cooking 
real meals in a standardized way, and the KPT compares energy consumption between families 
that use locally made cookstoves and families that cook with improved cookstoves (Defoort et 
al., 2009, Johnson and Bryden, 2012a). Many other cookstove test protocols also exist, some of 
which are adaptations of the WBT.  
 
2.3 Cookpot Efficiency 
Although biomass cookstove systems have received significant review and research, little 
research has focused on the role of cooking pots in system efficiency. Generally, it is assumed 
that cookpots with lower thermal mass will require less energy to heat and more energy will go 
into the cook water. Cookpots come in different materials, dimensions, and forms (rounded 
bottom, flat bottom, etc.) and thus have widely varying impacts on the thermal efficiency of the 
cooking process. They play an important role in cooking efficiency, and optimizing cookpot 
efficiencies can in turn optimize cooking processes.  
In a series of experiments, Newborough and Probert (1987) compared the thermal 




parameter” which measures the ratio of sensible heat added to the water in the pot to the energy 
input from the electric ring cooktop, represented in the equation below.  
𝜂 =
𝜌𝑣𝐶 (𝑇 − 𝑇 )
𝑄
 
where ρ is water density, v is the volume of water, Cp is the specific heat capacity of water, Ti is 
the initial water temperature, Tf is the final water temperature, and Qin is the energy input from 
the cooktop.  
In the experiments, water was heated from 12°C to boiling point in pots covered with lids 
with an electric ring cooktop. Water temperatures were monitored with thermocouples, and 
efficiencies were computed with the above equation. The experiments were repeated for 
different pot materials and at different water levels. In experiments with three covered 
aluminum-alloy pots of 15.2 cm, 20.2 cm and 24.2 cm diameter, they demonstrated that water 
boiling efficiency increased with the proportion of a pot filled with water. This was validated at 
six different water quantities. In a series of tests with aluminum-alloy, stainless-steel and cast-
iron pots, they found that efficiency increased with the thermal capacity ratio (CR) and 
configuration index (DI). CR is a dimensionless quantity that measures the ratio of the thermal 





where m is the mass of water in a pot, Cp is the specific heat capacity of water, mpot is the mass 
of the pot, and Cpot is the specific heat capacity of the pot. DI is a dimensionless quantity that 








where rp is the radius of a pot and rH is the radius of the heating element’s top surface. 
They then proposed from dimensionless analysis that cookpot efficiency depends on six 
parameters CR, DI, conductivity index (CI), aspect ratio (AR), emissivity of the pan base (εPB), and  
emissivity of cookpot side walls (εSW) when a pot lid is used, although they did not carry out the 
tests needed to find a direct relationship between all parameters. 









where k is thermal conductivity, δ is the thickness of a pot’s base, h is heat transfer coefficient, 
H is the height of a pot, and rp is the radius of a pot. In addition to these, they found that water 
boiling efficiency increased with lower power input, but only when low power input was used in 
the first 40°C of water temperature rise. If low power input was used for extended periods, more 
energy was consumed to make up for heat losses and thus efficiency dropped (Newborough and 
Probert, 1987). Newborough and Probert’s tests used a water boiling test, so they are 
comparable with current methods of determining cookstove efficiency. 
In another pot efficiency experiment, Krishnan et al. (2012) modified a pot by creating a 
hollow bottom which increased the surface area for heat transfer. On carrying out the Water 
Boiling Test on this pot, they calculated a 14% reduction in energy consumption and 8.33% 
reduction in evaporation compared to a normal pot of similar dimensions (Krishnan et al. 2012). 





Figure 2.1: Modified pot (on the left) with increased surface area (Source: Khrishnan et al., 2012) 
 
2.4 The Role of Pot Lids in Cooking Effectiveness 
Various tests have been carried out to determine the effects of cooking with and without 
pot lids. Brundrett and Poutlney (1979) investigated the heat input required to maintain water 
at various temperatures between 40°C and 100°C, as well as the effect of pot lids on energy 
consumption and evaporative mass loss in two aluminum pots with diameters of 15.6 cm and 
17.6 cm. In their experiments, they heated water in two aluminum pots up to varying 
temperatures with an electric ring cookpot. When the water for each reached a predetermined 
temperature, it was maintained at that temperature for 45 minutes both with and without a pot 
lid. The energy input required to maintain those temperatures was measured with a power 




processes reached steady state after running for 45 minutes. They found that simmering water 
in a pot with a lid reduces energy consumption by a factor of 5 and reduces evaporation by a 
factor of 100 as the water approaches boiling. However, a review of the experimental data 
showed that the resulting reduction in energy consumption from the use of a pot lid varied from 
a factor of 2 to 6.75 in the smaller pot and 3 to 6.5 in the larger pot. Similarly, the reduction in 
mass loss varied from a factor of 48 to 92.7 in the smaller pot and 32 to 143 in the larger pot. 
Nevertheless, the data confirms greater energy losses between the cooktop and pot bottom 
when no lid is used, as shown in Figure 2.1 (Brundrett and Poutlney, 1979). The study also 
estimated heat transfer efficiency of 60% due to heat loss from evaporation, convection and 
radiation from the pot wall, and heat loss between the electric ring and pot, and found that 
evaporative mass loss was the greatest source of heat loss. Their results are illustrated in Figure 
2.2. 
Newborough and Probert (1987) also investigated energy-efficient cooking practices and 
found that pot lids reduced energy losses due to evaporation when simmering water in a pot. In 
experiments to maintain water at temperatures ranging from about 72°C to 100°C in an 
aluminum-alloy pot of 25 cm diameter, they demonstrated that the use of a pot lid considerably 
reduced energy consumption by 85% and rate of evaporation by 99%. This is consistent with 
Brundrett and Poutlney’s experiments which found 85% reductions in energy consumption at 
90°C and a range of 50% - 80% reduction at lower temperatures (40 – 80°C), as well as 97 – 99% 







Figure 2.2: Energy consumption and mass loss in a large thick aluminum pan (Data from 
Brundrett and Poultney 1979) 
 
 
Figure 2.3: Specific energy consumption when heating different amounts of water (Data from 
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In contrast to the earlier studies of Brundrett and Poutlney (1979) and Newborough and 
Probert (1987), which focused on the effect of pot lids on water heating processes, Oberascher 
et al. (2011), in a study, examined energy consumption in a range of practical cooking processes 
with and without a pot lid. The processes were boiling water, cooking potatoes, and boiling eggs. 
Thus, they were more practical than the studies discussed above and some of their results 
contradicted those of said studies. In each process, water was raised from 15°C to 90°C and it 
was found that energy consumption and evaporation losses were almost the same with or 
without a pot lid, until just before the water began to boil. They found that using a pot lid made 
no difference except when the cooking time was long, and that boiling a larger quantity of water 
or cooking a larger quantity of potatoes reduces specific energy consumption, as shown in Figure 
2.3 (Oberascher et al., 2011). However, in boiling eggs, they found that energy consumption was 
much lower with a pot lid on, and that there was a significant difference seen with increasing 
required hardness of the eggs, and that energy savings were made when more eggs were boiled 
at the same time. 
 
2.5 Cooking with Biomass Cookstoves 
As noted earlier, 2.4 billion people in the world rely on biomass for cooking fuel (IEA, 
2018). These people mostly cook with three-stone fires or traditional biomass cookstoves, which 
come in various designs across different cultures and localities (Figure 2.4). Biomass cookstoves 
tend to create high levels of particulate emissions which results in 2.6 million deaths annually 




for decades to increase biomass stove efficiency and reduce emissions, with varying levels of 
success. 
Biomass cookstoves are fixed bed combustion systems, and their efficiency can be 
increased by enclosing, shrinking and insulating their combustion chambers, and properly 
directing heat to pot bases (Ragland and Bryden, 2011). Biomass cookstoves are commonly made 
from stone, ceramic or metal, and can generally be classified into traditional and improved 
stoves. Traditional stoves include three-stone fires which are used for cooking with round pots, 
and plancha stoves used for flat surface cooking. Biomass cookstoves can be classified by the way 
fuel is fed into them: batch-feed, continuous-feed or mixed-feed (Taylor, 2009). In batch-feed 
stoves, fuel is fed in at once and burned until cooking is complete, making extinction difficult 
(Sweeney et al., 2017; Taylor, 2009). In continuous-feed stoves, fuel is fed in as needed 
throughout the cooking process and so requires more tending, but extinction is easily achieved 
when fuel supply is cut off (Sweeney et al., 2017; Taylor, 2009). In mixed feed stoves, fuel is 
continuously fed in, but extinction is slow because of already-burning fuel (Taylor, 2009). Stoves 
also operate with different types of combustion and have different turndown capabilities. 
Turndown refers to lowering the heat energy output of a stove without extinguishing the energy 
source, while maintaining a good level of stove performance (Sweeney et al., 2017). It differs 
across stove types and combustion types.  
In cooking with biomass, combustion can take place in two forms: flaming combustion 
and charcoal combustion.  
 Flaming combustion is the combustion of biomass when oxidization occurs at the gas 




gaseous and particulate emissions. It usually requires more fire tending and a larger 
combustion chamber than charcoal combustion. Turndown is also more difficult in 
flaming combustion than in charcoal combustion. The use of a pot lid with flaming 
combustion is beneficial when cooking durations are short, but not when they are long. 
 Charcoal combustion (or smoldering combustion) is a flameless self-sustaining form of 
combustion that occurs when oxygen reacts with the surface of porous solid-phase fuels, 
and is generally a less complete form of combustion (Ohlemiller, 1985). It is characterized 
by higher toxicity due to CO emissions and lower temperatures (450 - 700°C), lower 
power, and lower spread rate than flaming combustion (Rein, 2016) and is thus is more 
appropriate for slow low-heat cooking or simmering. With increased oxygen supply 
generally from forced air, it can progress into flaming combustion (Ohlemiller, 1985). 
Smoldering combustion is more persistent than flaming combustion and is much less 
understood (Rein, 2016). 
 




CHAPTER 3.    THE EFFECT OF POT LIDS ON BOILING 
3.1 Background 
The Water Boiling Test (WBT) is the generally accepted method of determining cooking 
efficiency. While variations of this test are prevalent, they are mostly used to measure cooking 
efficiency and are commonly carried out with open pots. Few publications have investigated the 
efficiency of pots on their own or the effect that pot lids have on calculated efficiency values. This 
project seeks to understand how pot lids affect the efficiency of water boiling procedures in pots. 
3.2 Experimental Setup 
The experiments were carried out with the following materials: 
 Stainless steel pot (20 cm diameter) 
 Spartan SP-PM120™ power meter 
 Radwag™ scale (Model: WLC 30/F1/K Precision Balance) 
 Duxtop Induction Cooker™, Model 8100-MC 
 Cold water 
 Surface mount thermocouples 
 Probe thermocouple 





Figure 3.1: Schematic of experimental set-up 
 
 





3.3 Experimental Procedure 
Three sets of water boiling experiments were carried out with a small stainless steel pot. 
In each experiment, cold water was poured in the pot up to 25%, 50% or 75% of the pot’s capacity 
(950, 1900 and 2790ml respectively). It was then heated to 90°C rather than boiling point because 
it was difficult to determine the onset of boiling, and 90°C was deemed to be a more stable 
temperature. The set-up is shown in Figures 3.1 and 3.2. 
The water temperature was measured with a probe thermocouple, evaporation was 
measured with a Radwag™ Precision Balance with a repeatability value of 0.5 g (Radwag, 2018), 
and energy consumption was measured with a power meter. Instantaneous temperature and 
mass data were collected with LabVIEW™ software.   
Each experiment was carried out both with and without a pot lid, and at low (966 ± 16 W) 
and high (1504 ± 16 W) power input. After every experiment, the pot was cooled down to the 
ambient room temperature to aid repeatability. Each experiment was then repeated five times. 
This brought the number of experiments to 60. It was difficult to control the initial temperature 
of the water used in each run, so similar runs were combined and averaged, and their 
temperature data were curve-fitted and adjusted to begin at 20°C and end at 90°C for easy 
comparison. Then the efficiency of each process was computed.  
3.4  Boiling Efficiency 
Thermal efficiency is one of the major stove performance metrics obtained in the WBT. It 
is “a measure of the fraction of heat produced by the fuel that made it directly to the water in 
the pot” (Bailis et al., 2014). It is calculated as the ratio of energy used to heat and vaporize water 




stove efficiency, Krishnan et al. (2012) used the WBT to measure efficiency improvements in a 
modified pot. 
Newborough and Probert (1987) calculated ‘water boiling effectiveness’ as the ratio of 
energy required to raise water to its boiling point to the energy input from an electric heater. 
This method ignores the heat required to evaporate water and thus is somewhat incomplete as 
evaporation is a vital feature of the boiling process. They also proposed that ‘pan efficiency’ is a 
function of six parameters but were unable to derive a direct relationship between the 
parameters. Therefore, they used this water boiling effectiveness to compare the performance 
of different pots. 
Recognizing the importance of evaporation and considering that an induction cooktop 
was used to carry out experiments, a combination of these two methods was used to calculate 





𝑄 = 𝑚 −𝑚 ℎ  
𝑄 = 𝑚 𝐶 𝑇 − 𝑇  
𝜂 =
𝑚 −𝑚 ℎ +𝑚 𝐶 𝑇 − 𝑇
𝑄
 
where Ql is the latent heat added to water, Qs is the sensible heat added to water, Qin is the 
power input from the induction cooktop, mi is the initial mass of water, mf is the final mass of 
water, hfg is the enthalpy difference of water at standard pressure, Cp is the specific heat capacity 




However, this water boiling efficiency value is the measure of the overall system 
efficiency, which is more convenient to calculate than the efficiencies of system components. 
However, when comparing pot performance it may be important to derive pot efficiency. 
Morawicki and Hager (2013) proposed that system efficiency is a product of energy production 
efficiency, energy transmission efficiency, and appliance efficiency. They also considered the 
efficiency value obtained in WBT as appliance efficiency. 
For the purpose of this project, system efficiency is defined as the product of cooker 
efficiency and pot efficiency. 
𝜂 = 𝜂 × 𝜂  
where η is system efficiency, ηi is induction cooktop efficiency, and ηp is pot efficiency. The Duxtop 
Induction Cooktop™ used is rated at 83% efficiency (Secura Inc., 2010), and this efficiency was 









These equations were used for data analysis, and the results obtained are discussed in the 
following section. 
3.5 Results 
3.5.1 Time to Heat 
As expected, the time needed to heat water from 20°C to 90°C increased with the volume 
of water in the pot at the same power input. It was also observed that heating time was 




was at low power and high power, and strongly indicate that pot lids always shorten cooking 
time, as illustrated in Figures 3.3 and 3.4 below. The data recorded in each experiment is listed 
in Table 3.1 below.  
It was also observed that heating was faster when the induction cooktop was at high 
power than when it was at low power. This was observed when the pot lid was on and off, and is 
illustrated in Figures 3.5 and 3.6 below. Low power was approximately 966 W and high power 
was approximately 1504 W.  
Even though greater water volume always increased heating time, the use of a pot lid and 
the increase of power input had different effects. The use of a pot lid reduced heating time by 
3.6 – 11.7%, while increasing power input from 966 W to 1504 W reduced heating time by 35.7 
– 39.7%. However, it is important to note that the larger reduction in heating time when power 
was increased and the lid was off came at the expense of greater evaporation and mass loss. It is 
also important to note that the use of a pot lid reduced heating time with larger volumes of water 
at greater percentages at low power than at high power. These are illustrated in Figures 3.7 and 
3.8.  
3.5.2 Mass 
As seen in Table 3.2 and Figure 3.9, there is almost no mass loss when heating water with 
the lid on, whether at low power or at high power. The observed mass losses of 1 – 4g are 
negligible. Mass loss is more noticeable when water is heated without a pot lid. It is interesting 
that it is much greater at low power than at high power. This is because at low power, heating 





Mass loss also increases with water volume because larger water volumes take longer to 
heat up, allowing more time for evaporation to occur. It is apparent that longer heating periods 
without pot lids will lead to increased mass loss. 
 
Table 3.1: Time required to heat different volumes of water from 20°C to 90°C 
Power Level Pot Lid Water Level (%) Time (s) 
Low 
(966 ± 16 W) 
Off 25 414 ± 15.04 
50 803 ± 17.05 
75 1189 ± 22.35 
On 25 391 ± 13.22 
50 727 ± 20.42 
75 1050 ± 30.98 
High 
(1504 ± 16 W) 
Off 25 253 ± 8.92 
50 485 ± 10.24 
75 717 ± 17.81 
On 25 244 ± 4.12 
50 460 ± 5.63 







Figure 3.3: Time required to heat water from 20°C to 90°C at low power (966 W) 
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Figure 3.5: Time required to heat water from 20°C to 90°C with pot lid off 
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Figure 3.7: Effect of lid use on percentage reduction of heating time of different water volumes 
 
 





































































Table 3.2: Mass loss when heating different volumes of water from 20°C to 90°C 
Power Level Pot Lid Water Level (%) Mass Loss (g) 
Low 
(966 ± 16 W) 
Off 25 13.4 ± 1.98 
50 25.5 ± 2.76 
75 39.7 ± 4.49 
On 25 3.6 ± 1.56 
50 1.1 ± 2.86 
75 0.9 ± 1.08 
High 
(1504 ± 16 W) 
Off 25 8.5 ± 1.37 
50 14.6 ± 1.64 
75 21.2 ± 2.59 
On 25 3 ± 1.97 
50 2.1 ± 2.84 
75 1 ± 1.66 
 
3.5.3 Power Consumption 
In all cases, power consumption increased with water level, as larger volumes of water 
took longer to heat up. At both low and high power levels, the use of pot lids reduced heating 
times and thus reduced energy consumption. The use of pot lids reduced energy consumption by 
3 – 12%. The highest energy savings of 9.4% and 11.7% were seen when a pot lid was used at low 






Figure 3.9: Mass loss when heating different volumes of water from 20°C to 90°C 
 
In four cases, energy consumption was lower at high power levels, with energy savings of 
1 – 4%. In two cases, at 50% and 75% water level and with the lid on, energy consumption was 
greater at high power than at low power with energy deficits of 0.20 and 1.9% respectively. These 
results, listed in Table 3.3 and illustrated in Figure 3.10, indicate that at least at low power levels, 
it is more effective to cook with a pot lid. This is because pot lids significantly lower evaporation, 
and so most of the heat energy that would have been lost by evaporation stays in the pot and 
helps heat the water faster. Results also indicate that increasing power input does not always 
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Table 3.3: Power required to heat different volumes of water from 20°C to 90°C 
Power Level Pot Lid Water Level (%) Average Power Input 
(kWh) 
Low 
(966 ± 16 W) 
Off 25 0.1184 ± 4.30E-3 
50 0.2294 ± 4.87E-3 
75 0.3398 ± 6.39E-3 
On 25 0.1118 ± 3.78E-3 
50 0.2079 ± 5.83E-3 
75 0.3000 ± 8.85E-3 
High 
(1504 ± 16 W) 
Off 25 0.1146 ± 4.04E-3 
50 0.2195 ± 4.64E-3 
75 0.3250 ± 8.07E-3 
On 25 0.1105 ± 1.87E-3 
50 0.2083 ± 2.55E-3 
75 0.3057 ± 4.88E-3 
 
It was found, in most cases, that specific energy consumption (Wh/100 ml) reduced as 
water volume increased. It was also found to be much lower with the use of a pot lid than without 
the use of a pot lid. This corresponds with the findings of Oberascher et al. (2011) who found that 
specific heat consumption was reduced slightly with the use of a pot lid, and reduced significantly 
with the quantity of water heated in a pot. However, in Oberascher’s paper, doubling water 




yielded a 1.5 – 6% reduction. This may be attributed to the fact that Oberascher’s experiment 
used a radiant cooker, while this experiment used an induction cooker. It could also be because 
Oberascher’s experiments heated water volumes 4 times less than those heated in this project. 
The results obtained are show in Table 3.6 and Figure 3.11 below. Oberascher et al. (2011) stated 
that while observed specific energy consumption improvements may be minimal, their 
cumulative effect will be felt in the long run because cooking is done frequently. 
3.5.2 Efficiency 
In all cases, efficiency increased with water volume, regardless of power or the use of a 
pot lid. This indicates that it is more profitable to boil larger volumes of water or cook larger 
quantities of food. This corresponds with the findings of Newborough and Probert (1987) who 
found that water-boiling efficiency increased with the proportion of pot capacity used. However, 
while Newborough and Probert’s experiments increased efficiency by 5 – 15% by doubling and 
tripling water volume, this research project found efficiency increases of 2 – 5%. These are shown 
in Table 3.7 and Figure 3.12. 
It can be seen in Figure 3.10 that efficiency is greater with the lid on at high power than 
at low power when the pot is 25% and 50% filled. However, it is lower with the lid on at low 
power than at high power when the pot is 75% filled. It is reasonable that efficiency is greater at 
high power because the water heats up faster and so there is less energy input. However, at 75% 
water volume, the heating period might be long enough that the energy input required for 
heating lowers the process efficiency. In all cases, efficiency is always lower at high power when 
the lid is off. This is because there is greater evaporation when the lid is off, which means it takes 





Figure 3.10: Power required to heat different volumes of water from 20°C to 90°C 
 
 
Figure 3.11: Specific energy consumption (Wh / 100 ml) of different volumes of water heated 

























Lid off at low power Lid on at low power































Lid off at low power Lid on at low power




Table 3.4: Power savings from lid use when heating different volumes of water from 20°C to 
90°C 
Power Level Water Level (%) Power Savings (%) 
Low 










Table 3.5: Power savings from energy increase when heating different volumes of water from 
20°C to 90°C 
Lid Water Level (%) Power Savings (%) 
On 25 3.23 
50 4.29 
75 4.36 








Table 3.6: Specific energy consumption in heating different volumes of water from 20°C to 90°C 




(966 ± 16 W) 
Off 25 12.42 ± 0.51 
50 12.00 ± 0.26 
75 11.82 ± 0.22 
On 25 11.50 ± 0.41 
50 10.81 ± 0.33 
75 10.48 ± 0.27 
High 
(1504 ± 16 W) 
Off 25 11.98 ± 0.47 
50 11.48 ± 0.27 
75 11.29 ± 0.28 
On 25 11.39 ± 0.26 
50 10.85 ± 0.11 
75 10.65 ± 0.19 
 
3.6 Statistical Analysis 
Due to the small changes in efficiency with the use of a pot lid, a two-sample t-test was 
carried out on each set of experiments to determine if the efficiencies with and without a pot lid 
were significantly different from each other. The two-sample t-test is an inferential statistical 




is obtained by dividing the difference of the means of the two samples by the standard error of 
this difference. The test for this project is defined as follows. 
Table 3.7: Efficiencies of heating water from 20°C to 90°C at different power levels 
Power Level Pot Lid Water Level (%) Efficiency (%) 
Low 
(966 ± 16 W) 
Off 25 72.74 ± 2.45 
50 74.84 ± 1.22 
75 76.23 ± 1.54 
On 25 72.90 ± 3.07 
50 75.68 ± 2.71 
75 77.89 ± 2.17 
High 
(1504 ± 16 W) 
Off 25 72.69 ± 2.78 
50 75.08 ± 1.34 
75 76.24 ± 1.81 
On 25 73.21 ± 2.52 
50 75.63 ± 0.73 
75 76.66 ± 1.13 
 
Research question: Is there a statistically significant difference between the mean 
water boiling efficiency with the lid off (μ1) and the mean water 




Null hypothesis, Ho:  There is no statistically significant difference between the mean 
water boiling efficiency with the lid off (μ1) and the mean water 
boiling efficiency with the lid on (μ2) i.e. μ1 = μ2 
Alternative hypothesis, Ha:  There is a statistically significant difference between the mean 
water boiling efficiency with the lid off (μ1) and the mean water 
boiling efficiency with the lid on (μ2) i.e. μ1 ≠ μ2 
In this set of experiments, each test sample had 5 values because each test was repeated 
5 times. The tests were carried out at a 95% level of confidence; i.e., the significance level was 
set at P < 0.05. The calculated water boiling efficiency means and standard deviations are shown 
in Table 3.8. To compare the data between water boiling experiments with pot lid off and 
experiments with pot lid on, six t-tests were carried out in the JMP statistical software, and the 
results are shown in Table 3.9 and Figures 3.13 and 3.14. 
Figures 3.13 and 3.14 show t-test reports from the JMP statistical software for two out of 
six tests. These two tests were chosen because they have the highest and lowest probability 
values (p-values). P > |t| is the p-value for the alternative hypothesis (Ha: μ1 ≠ μ2). From Table 
3.9, it can be seen that in every pair of experiments, the p-value is greater than 0.05 even though 
they range from 0.2032 to 0.9312. Because these p-values are all greater than the significance 
level of 0.05, the null hypothesis cannot be rejected in each case. Thus, it can be stated that there 
is not sufficient statistical evidence to prove that there is a significant difference between the 
mean water boiling efficiency with the lid off (μ1) and the mean water boiling efficiency with the 
lid on (μ2). These statistical tests indicate that a pot lid may not make a difference in water boiling 





























Table 3.8: Means and standard deviations of experimental samples 
Power Level Water Level 
(%) 
Efficiency with Lid Off Efficiency with Lid On 
Mean, μ1 Standard 
Deviation, s1 
Mean, μ2 Standard 
Deviation, s2 
Low 
(966 ± 16 W) 
25 72.74 2.45 72.90 3.07 
50 74.84 1.22 75.68 2.71 
75 76.23 1.54 77.89 2.17 
High 
(1504 ± 16 
W) 
25 72.69 2.78 73.21 2.52 
50 75.08 1.34 75.63 0.73 
75 76.24 1.81 76.66 1.13 
 
Table 3.9: Statistical test results comparing tests with lid off and lid on 
Power Level Water Level (%) t-Ratio P-value ( P > |t| ) 
Low 
(966 ± 16 W) 
25 0.0892 0.9312 
50 0.6335 0.5516 
75 1.3997 0.2032 
High 
(1504 ± 16 W) 
25 0.3079 0.7661 
50 0.8059 0.4503 






Figure 3.13: JMP t-test comparing the difference between the mean water boiling efficiency 
with the lid off (μ1) and the mean water boiling efficiency with the lid on (μ2) at 25% water 
level and low power 
 
 
Figure 3.14: JMP t-test comparing the difference between the mean water boiling efficiency 
with the lid off (μ1) and the mean water boiling efficiency with the lid on (μ2) at 75% water 




3.7 Sources of Error 
There were a few ways by which errors could have been introduced into the experimental 
and analytical processes. 
1. Mass measurements sometimes fluctuated slightly due to scale drifting, and showed 
mass increases when that was, in fact, not possible. 
2. It was difficult to control of the initial temperature of water samples, so raw 
experimental data was readjusted to start at a uniform temperature. 
3. Thermocouple reading fluctuation necessitated curve-fitting temperature data in 
order to carry out proper analysis. This made the start and end temperatures of each 
experimental run much clearer. 
4. The induction cooktop used did not produce the rated power output and the actual 
output produced varied, so average power outputs at different levels were calculated 
using several experimental runs.  
5. The power meter sometimes added 0.001 kWh to the cumulative power reading after 
the induction cooktop had been turned off.  
3.8 Conclusions and Recommendations 
Experimental results do not indicate that pot lids increase cooking process efficiency 
significantly. However, they do appear to have an effect on heating time, energy consumption 
and evaporative mass loss; their impact can mostly be felt in conjunction with modifications 
in user behavior such as change in quantity of food cooked and heat input. Because user 
behavior is difficult to factor into real-life engineering problems, a different approach will 




cooking. The most practical approach would be to eliminate biomass cooking entirely and 
provide more access to clean cooking energy. This will have a far greater impact than user 
reeducation.  
The effect of pot lids on cooking efficiency in boiling processes can be further 
investigated using a variety of pot sizes and power levels so that a database can be built. This 
will enable users to make better informed decisions about cooking utensils and methods. 
Because the use of pot lids does not appear to increase boiling efficiently to a significant 
degree, the larger implication could be that a focus should be shifted from pot and stove 
efficiency to the increased use of cleaner cooking fuels, at least to address the problems of 




CHAPTER 4.    THE EFFECT OF POT LIDS ON SIMMERING 
4.1 Background 
Boiling and simmering are the two main types of cooking methods involving water. 
Simmering involves bringing food and water to a boil and then lowering the temperature 
below the boiling point of water, to enable it cook slowly. It usually occurs between 85 - 95°C. 
Simmering is desirable when cooking hard foods like beans which require slow cooking for 
longer periods. It is considered to consume much less energy than boiling and is thought to 
be more efficient when a pot lid is used. This project seeks to investigate the effect of pot lids 
on the efficiency of simmering processes.  
Brundrett and Poultney (1979) demonstrated that power consumption and water loss 
are much lower at lower water temperatures and even more so with the use of a pot lid. They 
also demonstrated that there is virtually no difference in power consumption and water loss 
when water temperature reaches 100°C, especially in a larger pot. Their results are illustrated 
in Figure 2.2. 
4.2 Experimental Setup 
The experiments were carried out with the following materials: 
 Stainless steel pot (28 cm diameter) 
 Spartan SP-PM120™ power meter 
 Radwag™ scale (Model: WLC 30/F1/K Precision Balance) 
 Duxtop Induction Cooker™, Model 8100-MC 




 Surface mount thermocouples 




Figure 4.1: Experimental set-up 
4.3 Experimental Procedure 
In each experiment, cold water was poured in a large stainless steel pot up to 25%, 
50% or 75% of the pot’s capacity (3750, 7500 and 11250ml respectively), and heated at 
maximum power (1504 W). When the water temperature reached 90°C, the power input was 
lowered to enable the water to simmer, and the experiment was left running for 45 minutes 
to ensure that it reached steady state. After every experiment, the pot was cooled down to 
the ambient room temperature to aid repeatability. The procedure was repeated with the 
pot lid on and off. Each experiment was then repeated five times. This brought the number 




The water temperature was measured with a probe thermocouple, evaporation was 
measured with a Radwag™ Precision Balance with a repeatability value of 0.5 g (Radwag, 
2018), and energy consumption was measured with a power meter. Instantaneous 
temperature and mass data were collected with LabVIEW™. Then the mass loss of each 
process was computed, and the power required to simmer for each experiment was noted.  
The large pot was used for the experiments because it was the most appropriate. With 
the small pot, water was simmered with the pot lid off at 537 W, but it could not be simmered 
with the pot lid on as there was no power low enough to maintain the water temperature at 
90°C. With the medium-sized pot, simmering was somewhat achieved with the pot lid on at 
217 W, but this could not be achieved with the pot lid off because there was no intermediate 
power input level with which it could have possibly occurred. Therefore, it was impossible to 
compare the effect of pot lids on simmering in the two smaller pots. 
4.4 Results  
In the experiments with the large pot, it was found that after heating to 90°C at high 
power (1504 W), water temperature could be maintained with a maximum of 1°C 
temperature increase at power level 3 (865 W) when the lid was off and at the lowest power 
level (217 W) when the lid was on. Thus, it took 4 times more power to simmer without a pot 
lid. This is lower than the factor of 6 presented by Brundrett and Poultney. The actual power 
input required to keep water at 90°C could not be directly compared with Brundrett and 




4.4.1 Mass Loss 
Simmering at 865 W without a pot lid resulted in average mass losses of 834 – 945 g, 
and simmering at 217 W with a pot lid resulted in average mass losses of 3 – 9 g (Figure 4.2). 
Thus, the use of a pot lid reduced mass loss due to evaporation by factors of 91, 114 and 332 
at 25%, 50% and 75% water levels respectively (Figure 4.4) and by approximately 99% in all 
cases (Figure 4.3). Overall, these results correspond with the findings of Newborough & 
Probert (1987) who found a 99% reduction in evaporation when a pot lid was used in 
maintaining water at 72-100°C, and those of Brundrett and Poultney (1979) who found a 97–
99% reduction in evaporation when a pot lid was used in simmering water at 90°C. However, 
there are a few discrepancies with Brundrett and Poultney’s findings. The first two sets of 
results correspond with the factor of 100 they presented, but the third does not. Brundrett 
and Poultney (1979) also reported no evaporation losses when a pot lid was used at 90°C. 
However, in this set of experiments, mass loss was observed, but it was minimal. 
Nevertheless, it is clear that water volume has a significant impact on mass loss. Results 
obtained are listed in Table 4.1. 
4.4.2 Specific Energy Consumption 
The WBT suggests that thermal efficiency is not an ideal measure of stove efficiency 
when simmering and proposes specific fuel consumption as a better performance indicator 
(Bailis, 2014). The WBT states that “this is because a stove that is very slow to boil may have 
a very good looking thermal efficiency because a great deal of water was evaporated.” Going 
by this recommendation, for the purposes of this project, specific energy consumption will 




Table 4.1: Mass loss with and without pot lid in simmering experiments at different water 
levels in a large pot 
Pot Lid Water Level (%) Average Mass Loss (g) 
Lid Off 25 833.6 ± 30 
50 896.8 ± 46 
75 994.6 ± 96 
Lid On 25 9.2 ± 4.0 
50 7.9 ± 3.6 
75 3.0 ± 1.8 
 
 
Figure 4.2: Mass loss with and without pot lid in simmering experiments at different water 


























Figure 4.3: Percentage reductions in evaporative mass loss with pot lid use in simmering 
experiments at different water levels in a large pot 
 
 
Figure 4.4: Factors of reduction in evaporative mass loss with pot lid use in simmering 























































Table 4.2: Specific energy consumption with and without pot lid in simmering experiments at 
different water levels in a large pot 
Pot Lid Water Level (%) Specific Energy Consumption (Wh / 100 ml) 
Lid Off 25 17.22 ± 0.10 
50 8.55 ± 0.18 
75 5.75 ± 0.03 
Lid On 25 4.33 ± 0.02 
50 2.17 ± 0.01 
75 1.44 ± 0.01 
 
 
Figure 4.5: Specific energy consumption with and without pot lid in simmering experiments 






































Experimental results show that specific energy consumption reduces with volume, 
just like in the heating experiments and Oberascher’s (2011) experiments. Doubling water 
volume reduces specific energy consumption by 30 – 50%, and the use of a pot lid reduces it 
by approximately 75% in all cases. 
4.5 Conclusions / Further Work 
It is clear from the experimental results that the power required for simmering is 
affected by pot size, while water volume has no effect on it. However, specific energy 
consumption reduces with water volume. It can also be seen that the use of a pot lid reduces 
power required for simmering by a factor of 4, and reduces mass loss by evaporation by a 
factor of 91 – 332 depending on water volume. Thus, it is clear from these experiments and 
existing literature that the use of pot lids is essential in simmering processes to reduce energy 
consumption and inhibit evaporation.  
Further investigations can be carried out with induction and electric cooktops of small 
power ratings to determine the energy input required to simmer water in small and medium-
sized pots to enable comparison between evaporative mass loss and power required to 
simmer with and without a pot lid. Experiments can also be carried out in pots of various sizes 






CHAPTER 5.    CONCLUSIONS AND RECOMMENDATIONS 
Results obtained from boiling experiments in Chapter 3 reveal that there is no 
conclusive evidence that pot lids increase water boiling efficiency. However, they do reduce 
heating time and energy consumption. Even though the use of pot lids does not make a great 
difference, the impact can be felt in a household over an extended period of time and will 
eventually lead to a noticeable reduction in fuel cost. Results also show that boiling larger 
amounts of water reduces specific energy consumption. This is useful because people looking 
to save cooking fuel can cook larger quantities of food at a time and store for later 
consumption. Unfortunately, a large population of people who cook with biomass fuels do 
not have refrigerators with which to store food, so this may not be a practical strategy. In 
addition to this, more energy can be consumed when reheating food.  
Conversely, results obtained from simmering experiments in Chapter 4 reveal that pot 
lids make a significant difference in evaporative mass loss and energy consumption. The use 
of a pot lid can reduce mass loss by up to a factor of 91 - 332 and reduce energy consumption 
by up to a factor of 4.  These findings are somewhat in agreement with existing literature. 
From these experiments, it can therefore be recommended that pot lids should always be 
used in order to save energy, evaporation, cooking time, and fuel cost. The use of less energy 
will reduce the time spent gathering fuel and allow more time to be allocated to other 
profitable activities. It will also allow households save more money.  
The challenge with interventions like pot lid use and increase of food quantity cooked 




people cook the way they do because of cultural or habitual reasons that are difficult to 
change, especially at the request of outsiders. That is why cooks are found to use varying 
amounts of energy when cooking the same types of food. The larger implication of this is that 
more research may have to be done to improve the quality and accessibility of cleaner 
cooking fuels, so that people do not have to change their cooking methods greatly.  
Technological improvements and user behavior are complementary, so the 
investigation of cooking efficiency should not be abandoned altogether. Thus, it is 
recommended that more experiments be carried out to investigate the impact of pot lids on 
cooking efficiency, fuel use, and mass loss. These can be done by using a wider variation of 
pot sizes, water quantities and energy inputs. Results can be used to populate a database that 







Cp Specific heat capacity of water (kJ/kg-K) 
Cpot Specific heat capacity of pot (kJ/kg-K) 
h Heat transfer coefficient of pot base/water interface (W/m2-K) 
H Pot height (m) 
hc Thermal efficiency 
hfg Enthalpy difference of water at standard pressure (kJ/kg) 
k Thermal conductivity (W/m-K) 
m Mass of water 
mi Initial mass of water (kg) 
mf Final mass of water (kg) 
mpot Mass of pot (kg) 
mW Mass of water (kg) 
rH Radius of the upper surface of heating element of cooktop (m) 
rp Radius of pot (m) 
Tf Final temperature of water (°C) 
Ti Initial temperature of water (°C) 
v Volume of water (m3) 
δ Thickness of pot base (m) 
η Water-boiling efficiency 
ηcomb Combustion efficiency  







AR Aspect ratio 
CCT Controlled cooking test 
CI Conductivity Index 
CR Thermal capacity ratio 
DI Configuration index 
KPT Kitchen performance test 
PV Photovoltaics 
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